Background Stenosing tenosynovitis or trigger finger is a common clinical condition regularly treated with steroid injections. Varied success is reported at early time points following injection. We present a prospective, randomized IRB-approved study to confirm these findings at a long-term follow-up. Methods Adult patients presenting with symptoms of stenosing tenosynovitis who agreed to participate were randomized into two groups. Group 1 received an initial injection of triamcinolone and local anesthetic mixture. Group 2 received the same initial injection and an additional staged injection at 6 weeks. The patients were then followed beyond 2 years. If Group 1 patients were still symptomatic at 6 weeks, another injection was given. An additional injection or surgery was defined as treatment failure. DASH scores were obtained at baseline, 3, 6, and 12 months.
Introduction
Trigger finger, or stenosing tenosynovitis, is a common condition that causes difficulty in finger flexion or extension. It can also create snapping or locking when flexing the affected digit and can cause significant pain. There is no universal definition for trigger finger, nor is there a specific laboratory test or radiographic finding, and as such, the clinical diagnosis is made by history and physical examination. It has been estimated that the lifetime prevalence in non-diabetics is 2.2 %. The condition affects females more often than males, and it follows a bimodal distribution, with peaks before the age of six and above the age of 40. It can affect a single or multiple fingers, with the thumb, middle and ring fingers being the most frequently affected digits. It occurs more frequently in diabetics and is also frequently associated with rheumatoid arthritis, Dupuytren's disease, carpal tunnel syndrome, and hypothyroidism [2, 3] .
Historically, trigger fingers were treated surgically. A review article by Fahey in 1954 stated that while conservative therapy such as bracing and stretching can be employed, the vast majority of patients required surgical release, leading to good results in the majority of patients [5] . Lapidus and colleagues came to the same conclusion in 1953, stating that operative release of constricted tendon sheaths was preferable to conservative treatment [10] . However, in a follow-up paper by Lapidus in 1972, he advocated steroid injections as a better alternative to surgical treatment, with good results in 67 patients treated with injections alone [11] . In 1970, Kolind-Sorensen reported a 67 % success rate with prednisolone injection alone for the treatment of trigger finger [9] . Similarly, Clark and colleagues reported an 82 % success rate in a series of 50 trigger fingers in 1973 [4] . A prospective study by Rhoades et al. reported a 72 % success rate in a series of 53 patients in 1984 [16] . Freiberg and colleagues injected 93 trigger fingers, separating patients into a "nodular type" or "diffuse type", and found a 79 % success rate overall, divided into 93 % success for nodular type versus 48 % success for diffuse type [7] .
In 1989, Marks performed a prospective study of 74 patients injected with triamcinolone. He found an 84 % success rate after a single injection, which increased to 91 % with a second injection [13] . Wang and colleagues focused on injections for diabetic patients and found a transient rise in blood sugars and only a 50 % success rate [20] .
None of these studies were prospective randomized trials. The purpose of this study was to compare the efficacy of one versus two staged corticosteroid injections for the treatment of trigger finger. The hypothesis was that a second staged injection given at 4 to 6 weeks after the first injection would significantly increase the chances for a cure. The oneinjection group received a single injection of Kenalog and lidocaine, while the two-injection group received an additional injection of the same dosage, 4 to 6 weeks following the first injection. The patients were evaluated for symptoms of pain, stiffness, clicking, or locking at the 4 to 6 week interval. If the one-injection group still had painful clicking or locking at the 4 to 6 week time point, then another injection would be given allowing for crossover.
Materials and Methods
An institutional review board has approved this study, and informed consent was obtained from all participants. Ninetyseven consecutive, consenting patients with 101 trigger digits seen from 2009 to 2011 were prospectively randomized into two treatment groups. They were assigned to either a single injection of 0.5 mL Kenalog (triamcinolone) (40 mg/mL) with 0.5 mL lidocaine (10 mg/mL) (Group 1) or two (staged) injections of the same mixture, the second occurring 4 to 6 weeks later (Group 2). Patients presenting with symptoms of stenosing tenosynovitis were included in the study if they were over the age of 18 years, male or female, and willing and able to provide informed consent. We included patients with insulin-dependent and non-insulin dependent diabetes mellitus. We excluded patients who had previously ongoing trigger finger treatment or had concomitant disease of the digit (i.e., fracture, sprain, or mucous cyst). For the purpose of the study, patients with multiple digits involved were specifically treated according to the methods of the study, for the digit of greatest subjective complaints upon initial office evaluation. Women who were pregnant or thought they may be pregnant were excluded from the study. We recorded patient age, gender, smoking status, hand dominance, affected hand, affected digit, and whether they had diabetes mellitus. Patients were assigned to each group based on their previously randomly assigned medical record number (odd or even).
Two hand surgeons were involved in the recruitment and treatment of these patients. Both surgeons performed a similar technique for injection. Specifically, the injection was given at the level of the A1 pulley via volar approach with injection administered just outside of the flexor sheath, not intratendinous or subcutaneous. Post-injection pain was managed conservatively with over-the-counter medications.
We clinically evaluated the patients at 6 weeks, 3 months, 6 months, 1 year, and 2 years after the injection. Follow-up was performed with history and physical exam during office visit for the 6 weeks, 3 months, and 6 months, and phone follow-up was made at the 1 and 2 year intervals. If Group I patients were still symptomatic at the 6 week evaluation, a second injection was therapeutically administered. This reevaluation of Group 1 patients as members of Group 2 was accounted for in the crossover "actual" analysis. Treatment failure was defined in a Group I patient if either an additional injection after 6 weeks or surgery was performed. Group II were offered surgery at the point of treatment failure. Statistical analysis on the failure and surgery rates for both groups was carried out using a Fisher's exact test at the 3-month, 6 month, 1 year, and 2 year time points. Multivariate logistic analysis was performed to compare the two groups at the 1-year and 2 year time points for failure rate as well as surgery rate. No funding was received for this research.
Results
Ninety-seven patients with 101 trigger digits were recruited and randomized into the two treatment groups. Figure 1 represents the age distribution by decade of the 97 patients randomized into the two treatment groups.
The patients randomized homogenously (Table 1) with the exception of a significantly greater number of smokers to the two-injection group (8 patients versus 2 patients). Of note, the proportion of thumbs was not significantly different for Group 1 versus 2.
The distribution of the involved digits is depicted in Table 2 . Although thumb involvement is not statistically significant between groups, there is a statistically significant sparing of the index and little fingers versus the remaining digits in each of the treatment groups (p<0.001).
The breakdown for each treatment group by baseline DASH score is illustrated for the ITT analysis ( Table 3) and "actual" analysis after cross-over (Table 4 ). No statistical significance was found between treatment groups for either analysis. The cross-over of patients was also not found to be statistically significant (p<0.27). Statistical analysis was performed using Fischer's exact test for count data.
Of the original 97 patients, 19 patients were lost to followup at 2 years with the average follow-up being 23.0 months with a range of 0 to 30 months. Two-year follow-up for the trigger digits was 81 %. Using a Cox proportional hazards analysis, overall failure and surgery rates were evaluated as a function of single versus staged two injections, initial DASH score, age, gender, thumb versus finger involvement, ipsilateral dominant hand involvement, diabetes mellitus, and smoking status. No difference was noted between ITT and actual analyses. Therefore, further investigation and analyses provided were performed on ITT (intention to treat) basis.
Overall treatment failure (reinjection or surgery) was not statistically different between the one-and two-injection groups. Only the initial DASH score was predictive of overall failure (p<0.005). The median time to failure was 10 months for the group with an initial DASH score of greater than 40 (Fig. 2) .
However, specifically for surgery outcome, both the number of injections ( Fig. 3, p<0 .013) and initial DASH score were predictive of surgery (p<0.001) ( Fig. 4 ). For patients with an initial DASH score of more than 40, the median time to failure was 10 months (Fig. 2) , whereas median time to surgery was 13 months (Fig. 4) .
In addition, when looking within the failures specifically, two factors were predictive of surgery: number of injections and diabetes. The surgery rate among failures was higher in the two-injection group (63 %) versus the single injection group (24 %) at the 1-year time point (p<0.013). At the 2 year time point, this was even more disparate: 87 % vs. 44 %, respectively (p<0.005). The median time to surgery was >30 months and 18 months for the one-injection and twoinjection groups, respectively. The presence of diabetes also increased the rate of surgery among failures (56 % vs. 37 %) but only at the 1 year time point (p<0.05), not at 2 years (p<0.26).
Discussion
In contrast to other tendinopathies, stenosing flexor tenosynovitis (trigger finger) is associated with an inflammatory component rather than a tendinosis with degenerative changes alone [18] . Subsequently, it is common practice to use corticosteroid injections to treat trigger finger symptomology. Steroid injection has been shown to be effective in various studies [6, 12, 19] , including a randomized, controlled prospective study where steroid injections with anesthetic were noted to be significantly more effective than anesthetic injection alone [14] . Success after steroid injections for trigger finger has been cited at greater than 50 %, even in diabetics Fig. 1 Age distribution of patients [1, 17] . However, the Cochrane Systematic Review in 2009 reported a pooled success rate of only 37 % [15] .
Repeated corticosteroid injections may have cumulative, detrimental sequelae including atrophy of the skin, fat, and tendon. Therefore, injections are not pursued indefinitely. If corticosteroid injections are not successful, surgery (dividing the A1 pulley) is offered to the patient with success rates greater than 90 % [13] . Kerrigan et al. concluded that the most cost-effective algorithm for treatment was to perform open surgical release for persistent or recurrent symptoms after two therapeutic attempts with corticosteroid injections [8] .
Our prospective study was aimed at determining whether performing a corticosteroid injection in a staged fashion 6 weeks after the first was more effective than doing one injection. Follow-up was chosen at up to 2 years to determine whether success often cited between 37 % and 91 % would persist at a longer time point (10, 17, 19) . The data was then evaluated with an "intention-to-treat" analysis ("ITT") where patients' assignment to each arm of the study was maintained for statistical analysis. As this does not account for any crossover of patients in the one-injection group who wished to have a second injection on follow-up, this reevaluation was accounted for in a "cross-over" analysis ("actual"). Statistically, there were no significant differences when the Cox proportional hazards model was performed on both. We believe that the injection technique performed by the hand surgeons in this study was effective as our failure rates were similar or better than others in the literature. In fact, compared to the recent randomized trial by Sato et al. in which a 43 % failure at 6 months was noted after corticosteroid injection for trigger finger [17] , our overall failure rate at 6 months was 22 %.
Regarding overall failure, defined as needing additional injections or surgery, there was no statistically significant difference noted between the groups receiving a single corticosteroid injection for trigger finger versus the group receiving two injections in a staged fashion 6 weeks apart. The overall failure rate was noted to be 22 % at 6 months versus 54 % at 1 year.
Having a two-injection treatment did not reduce overall failure but did increase the chance of undergoing surgery within a year. This is not surprising since the one-injection group was offered another injection instead of surgery. It is possible that the second injection produces a tendinous reaction causing increasing tendon thickness or scarring. However, with two injections being the maximum we offered in our study, surgery was the inevitable outcome in the twoinjection failures.
We used a Kaplan-Meier survival model to determine that the median time to surgery was greater than 30 months and 18 months for the one-injection and two-injection groups (p< 0.013), respectively. Certainly, a study with longer follow-up would be useful to evaluate how many patients in the one-injection group would have recurrence after a second injection (given after 1 year) and need surgery eventually.
Furthermore, looking specifically at the outcome of surgery, a Cox proportional hazards model was utilized to determine the independent predictors of needing surgery within a year. In addition to two staged injections, a higher baseline DASH score also carried a higher chance of needing surgery within a year. This was independent of having a one-or two-injection treatment. However, at 1 year, diabetes was a predictor of surgery within the patients with failure, but not at 2 years. This suggests that diabetes is a predictor of earlier surgery in patients that have overall failure within 1 year of their first injection. If the diabetic patient has failure after 1 year, the chances of needing surgery are not increased versus a nondiabetic.
Using the conclusions from Sato et al. [17] and the findings of our study, we propose an algorithm for trigger finger patients. Anecdotally, trigger finger patients are treated with corticosteroid injections if more conservative measures are determined to be ineffective. If injection therapy is given, a single injection should be given for the trigger digit with the understanding that Two injection 12 17 17 approximately half of the patients will have recurrence within a year. At the point of recurrence, a patient may opt for another injection with the goal of delaying surgery. However, for diabetics with recurrence in less than a year or patients with a higher baseline DASH score, we may consider surgery at the time of recurrence after single injection. A greater proportion of patients with baseline DASH scores over 20 crossed over from the oneinjection to the two-injection group. There was no statistical difference between crossover rates for the patients with a baseline DASH score greater than 20 versus those with less than 20. This may be due to the study being underpowered. However, the trend implies that perhaps a baseline DASH score over 20 may predict patients, which will likely have symptoms after one injection or earlier recurrence. Contrastingly, logistic regression analysis did reveal that a baseline DASH score greater than 40 independently portends an increased chance of needing surgery. Interestingly, dominant hand involvement was not associated with increased failure or need for surgery at the 1 or 2 year time points. This may be due to compensatory mechanisms with opposite hand usage. This study did not have enough patients with index and little finger involvement to assess their specific significance. However, thumb involvement was not statistically significant in predicting overall failure or surgery. A larger or specific study may help elucidate whether specific digit involvement reflects a worse diagnosis as index and little digit incidence uncommon, thus making surgery an earlier consideration. Conversely, their lower incidence may make surgery a less likely option, if recurrence is less after injection.
Conclusion
Undergoing a staged, two-injection corticosteroid treatment for trigger digits was not shown to be superior to a singleinjection treatment. Therefore, we do not recommend staged, two-injection treatment of trigger digits. Diabetes is an independent predictor of surgery among patients who have failed injection at 1 year. However, baseline DASH scores are predictive of not just surgery but also overall failure (reinjection or surgery) up to 30 months after initial injection. 
